Abstract With the development of minimally invasive procedures, minimally invasive Ivor-Lewis esophagectomy (MIILE) has been proposed as a safe and feasible surgical choice for the treatment of esophageal cancer. This retrospective study evaluated MIILE results from a single medical center. A total of 619 patients were selected as candidates for IvorLewis esophagectomy from December 2011 to May 2015, in which 334 patients accepted MIILE and 285 patients accepted open Ivor-Lewis esophagectomy (OILE). General characteristics, surgical data, complication rates, and survival were analyzed. Differences in general characteristics between groups were not significant. Intraoperative blood loss (P < 0.01), postoperative volume of drainage for the first day (P < 0.01), time to drain removal (P ≤ 0.01), wound infection rate (P = 0.04), and length of hospital stay (P < 0.01) were significantly reduced in the MIILE group. There were no statistically significant differences in general morbidity (P = 0.56), the total swept lymph nodes (P = 0.47), mortality (P = 0.34), and survival rate at 3 years (P = 0.63). MIILE is a safe and feasible method for the treatment of esophageal cancer, in which good outcomes were reported and some advantages were found over the open procedure.
Introduction
Esophageal cancer is the fourth most frequently diagnosed cancer. It is also the fourth leading cause of cancer death in China, ranking in the eighth place worldwide [1] . When surgical approach is selected for esophageal cancer, radical esophagectomy is the procedure of choice [2] . Traditional open esophagectomy procedures for esophageal cancer are associated with large surgical wounds and slow and painful recovery [3] . Since the introduction of minimally invasive esophagectomy, which was reported by Cuschieri and colleagues in 1992, many variations in techniques have been reported by various medical organizations [4] . Our center has been conducting minimally invasive Ivor-Lewis esophagectomy (MIILE) procedures since 2011 [5] . In order to assess its safety, feasibility, surgical characteristics, and outcomes, compared to the open approach, we retrospectively compared 334 patients who accepted MIILE and 285 patients who accepted OILE in our medical center.
Methods
The present study was approved by the Ethics Committee of Anhui Provincial Hospital. Before the operation, signed informed consent was obtained from all patients. A total of 619 patients who accepted esophagectomy from December 2011 to May 2015 were included. Inclusion criteria were the following: (1) esophageal cancer located in the middle or inferior esophagus; (2) preoperative clinical staging T:1-3, N:0-1, M:0; (3) excluded acceptance of neoadjuvant therapy; (4) accepted MIILE or OILE; (5) postoperatively confirmed with esophageal squamous cell carcinoma confirmation. Exclusion criteria were the following: (1) palliative surgery; (2) confirmation esophageal carcinoma other than squamous cell carcinoma;(3) incomplete medical records. After selection, clinical data of 619 patients were recorded (Table 1) . Preoperative laboratory exams included routine blood examination, blood biochemistry, coagulogram, and urinalysis. Special examinations included endoscopy and biopsy, upper gastrointestinal contrast series, chest and upper-abdomen enhanced CT scan, abdominal ultrasound, electrocardiogram, heart Doppler ultrasound, and lung function test.
Surgical Technique
Laparoscopic surgery: Patients were placed in the supine position. After general anesthesia, five ports were utilized for gastric mobilization. A 10-12-mm port was placed in the inferior border of the umbilicus for the laparoscope (A). Three 5-mm ports are placed: one at the subxiphoid (E), one in the left midline clavicular line 3 cm above the umbilicus level (D), and one at the right subcostal margin (B). A 10-12-mm port was placed in the right midline clavicular line 3 cm above the umbilicus level as the principal work port (C) (Fig. 1a) .
The gastro-hepatic ligament was divided to expose the right crus. The gastro-esophageal junction was freed from the hiatus by dissection including phrenoesophageal ligament take down. The right gastroepiploic arcade was identified and the gastrocolic ligament was divided along the greater curvature including the short gastric arteries.
The stomach was retracted, and the celiac and gastric nodal tissues were dissected free and left with the specimen. The left gastric artery was isolated and divided.
Then, a Heineke-Mikulicz pyloroplasty was performed. The Kocher maneuver was performed to achieve adequate mobilization of the gastric tube, which should allow the pylorus to easily reach the right crus.
The stomach was divided above the cardias with an Endo-GIA and exteriorized through the extended subxiphoid incision (Fig. 1b) to complete the gastric tube construction with the preservation of right gastric vessels. Then, the gastric tube was stitched to the lower the esophagus with silk stitches and returned to the abdomen with a simple abdominal wall closure.
A duodenostomy was performed to facilitate postoperative feeding.
Thoracoscopic surgery: The patient was placed in the left lateral decubitus position. The position of the double-lumen tube was confirmed and the right lung was immediately isolated. The operating table was flexed to expand the intercostal spaces.
Three 10-mm ports are placed in the midaxillary line in the seventh intercostal space, between the posterior axillary and scapular line in the seventh intercostal space and in the anterior axillary line in the fourth intercostal space (Fig. 1c) .
Dissection began by taking down the inferior pulmonary ligament. The mediastinal pleura were dissected along the plane between the lung and esophagus. Subcarinal lymph nodes are taken with the esophagus. Dissection was carried out to the azygos vein, which was divided with an Endo-GIA stapler. Tributaries from the thoracic duct and aorto-esophageal attachments are isolated, clipped, and divided carefully. After the azygos was divided, the vagus nerve was isolated, and the dissection was performed close to the esophagus. When the esophagus was mobilized to the desired proximal extent, the gastric tube was delivered in the chest. The proximal esophagus was dissected and divided. The specimen was obtained by extension of the anterior axillary port to 5 cm in length. Through this port, the appropriate-sized end-to-end anastomosis anvil was placed in the proximal esophagus cut edge, and the suture was placed around the anvil (Figs. 1e and d). The proximal end of the gastric conduit was opened and the tip of the stapler was delivered to the chest, gently working into the open gastric conduit, brought along the line of the greater curve distal to the opening point, attached to the anvil anastomosis created, and the open-edge of the gastric conduit is closed with an additional Endo-GIA stapler (Fig. 1f) . A 28-Fr straight chest tube was placed through the camera port. 
Surgical Methods of OILE
Patients were kept in the horizontal position after general anesthesia, a median incision below the xiphoid to the umbilicus (10-15 cm) was selected, and the same operating procedures as MIILE were realized. After the abdominal approach, the patient was moved to the left lateral decubitus position, and an anterior thoracotomy incision in the fifth intercostal space was performed. The same surgical procedures as MIILE were carried out. (Table 1 ). Operation time, intraoperative blood loss, total lymph nodes dissected, first day postoperative drainage volume, time to chest drain removal, length of hospital stay, paregoric use after operation, postoperative stage, and 1-, 2-, or 3-year survival rate after operation were recorded ( Table 2) . Post-surgical complications are recorded in Table 3 .
Results

From
In the MIILE group, the operation in five patients was changed from the thoracoscopic approach to thoracotomy for chest compact adhesion (two patients), trachea laceration (one patient), pre-cava bleeding (one patient), and anastomotic bleeding (one patient).
Two cases for laparoscopic surgery were changed to laparotomy, including one case for splenic arterial bleeding and one case secondary to left gastric arterial bleeding.
The difference in operation time, total lymph nodes dissected, postoperative case staging, and 3-year survival rate between the MIILE and OILE groups was not statistically significant. However, the difference in blood loss, postoperative first day drain volume, postoperative analgesics use, chest drain removal, and length of hospital stay was statistically significant, in which better results were observed in the MIILE group.
Concurrent pulmonary and wound infection were significantly reduced in the MIILE group (P = 0.02 and P = 0.04, respectively). Postoperative concurrent chylothorax slightly increased compared with the OILE group but was not statistically significant; while the difference in anastomotic fistula, anastomotic bleeding, chest internal hemorrhage, heart rate abnormality, injury of recurrent nerve, delayed gastric emptying, incisional hernia, and death during the perioperative period in both groups was not statistically significant (Table 3) .
Average postoperative follow-up time was 26 months (range, 1-47 months), in which 334 patients were from the MIILE group (11 patients lost follow-up) and 285 patients were from the OILE group (14 patients lost follow-up).
Survival at 1 year was 99 % for MIILE and 99 % for OILE; survival at 2 years was 96 % for MIILE and 97 % for OILE; survival at 3 years was 90 % for MIILE and 89 % for OILE; and median survival time was 43.5 months for MIILE and 42.8 months for OILE (P = 0.631).
Discussion
Esophagectomy could be a life-saving procedure for esophageal cancer or end-stage functional disorders, with the open procedure as the standard of care for esophageal resections [6] . A 10-year systematic review of open esophagectomy experience in the Veterans Affairs system reports a morbidity of 50 % and a mortality of 10 % [7] . For this reason, since the first total laparoscopic esophagectomy documented by De Paula in 1996, many studies have compared the results of open vs. laparoscopic esophagectomy, with good results favoring the laparoscopic approach [8, 9] . In 2000, Nyugen et al. compared minimally invasive esophagectomy with open transthoracic and transhiatal esophagectomy; reporting shorter operation times, less blood loss, and shorter ICU stays for the first one, with no increase in morbidity or mortality [10] . Other reports of minimally invasive chest surgery revealed some advantages over open procedures including small wounds, less pain, faster operative recovery, and lower occurrence of complications [11] . However, the popularity of MIILE continues to spread [12] [13] [14] [15] , especially for the longer learning curve and technology required. Most T4 esophageal cancers are not amenable to open or minimally invasive surgery, but all other T stages are potentially amenable to minimally invasive esophagectomy in experienced hands [6] .
At present, most thoracic surgeons prefer to apply open esophagectomy or a hybrid technique with extracorporeal anastomosis [11] . However, we believe that the method used by our group with extracorporeal phases has the following advantages: (1) avoids the cervical approach and cervical esophagus dissection; (2) reduces recurrent laryngeal nerve injury risk; (3) allows a tension free anastomosis; (4) simplifies gastric tube fashioning with an extracorporeal step; (5) uses abdominal incision to place the duodenal feeding tube during operation, avoiding percutaneous endoscopic jejunostomy.
In this study, we confirm a statistically significant reduction in bleeding, postoperative drainage time, and length of hospital stay in the MIILE group. These data reaffirms the main characteristics of minimally invasive esophagectomy, including smaller trauma and faster recovery, as other similar studies [12] [13] [14] [15] [16] .
In the complications analysis, the MIILE group presented with reduced incidence of postoperative pneumonia (33 patients in the MIILE group vs. 61 patients in the OILE group, P = 0.02) and reduced incidence of wound infection (one patient in the MIILE group vs. 12 patients in the OILE group, P = 0.04). Some factors that influence these results include the following: (1) avoidance from the influence of thoracotomy on lung function; (2) reduction in damage of thoracic wall muscles; (3) reduction in postoperative incision pain (use of postoperative analgesics after operation in the MIILE group was less than in the OILE group); which become beneficial to postoperative expectoration [17] . In other complications of esophagectomy, there was no statistical difference between both groups. Postoperative anastomotic fistula in esophagectomy has been a serious complication and is also one of the [18] . In this study, there was no difference in anastomotic fistula (14 patients in the MIILE group vs. 12 patients in the OILE group, P = 1) or chylothorax incidence (P = 1) between the MIILE and OILE groups. Lymph node dissection can provide more accurate pathological staging and prognosis for patients. Some previous studies have reported that there was no obvious difference in the range of lymph node dissection between minimally invasive esophagectomy and open operations [19] . In this study, all patients in both groups underwent two-field lymph node dissection. The difference in the number and range of lymph node dissection between these both groups was not statistically significant (P = 0.47). We believe laparoscopy and thoracoscopy allows us to clearly expose lymph nodes and other tiny structures such as recurrent laryngeal nerves, offering better tissue dissection and reducing the incidence of associated complications; although the difference in laryngeal recurrent nerve injury in both groups was not statistically significant (P = 1).
Three and four patients died in the MIILE and OILE groups, respectively; and the difference was not statistically significant. In the MIILE group, two patients died for anastomotic and tracheal fistula, and one died for pneumonia. In the OILE group, two patients died for pneumonia, one patient died for anastomotic fistula combined with empyema, and one patient died for anastomotic fistula combined with aortic hemorrhage. In the longterm survival rate at 1 (99 % for MIILE and 99 % for OILE), 2 (96 % for MIILE and 97 % for OILE), and 3 years (90 % for MIILE and 89 % for OILE), the difference between both groups was not statistically significant (P = 0.63, Fig. 2 ). This result is consistent with reports in previous studies [20] [21] [22] ; thus, MIILE would not impact long-term survival rates.
Conclusion
MIILE has the same operative effects, lymph node dissection scope, and long-term survival rates as open esophagectomy; and this technique reduces pulmonary infection, wound complications, bleeding during operation, postoperative drainage time, and length of hospital stay. Therefore, MIILE is a safe and feasible minimally invasive surgery with some advantages, compared to the open approach in appropriately trained groups.
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